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Technology Development Cycle

1 vel n l Status (Remarks)

1. Search for ideas

- Statement of ideas v

- Customer needs v

- Opportunities )

- Ideas advantages v
* Idea screen v
2. Develop concept

- Comprehensive statement of concept v

- Strategic fit with DoD/Alcoa objectives )
* Concept review v
3. Evaluate concept

- Feasibility demonstration for critical )

clements

- Success elements v

- Customer feedback on the concept (¥)
* Project proposal review (V)

4. Demonstrate full concept
- Produce prototype product/processes
- Reassess all issues and identify all
- Unresolved project risks

* Prototype marketability review

5. Verify large scale capacity
- Produce and evaluate prototype
- Finalize product characteristics &
specifications

* Producibility and commercialization
review

6. Implement in full production
- Purchase and install equipment
- Train production teams

* Final project review

7. Continuous improvement
- Customer service
- Value tracking

Need multifunctional information network
End-user, Customer, Supplier
R&D, Engineering, Manufacturing, Procurement, Quality control
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The EIFS Distribution m

Starting Point for Life Management ALCOA

at Various Structural Levels Material Reliability

/ ‘ /—Lite distribution

accelerated test
Lot A
release
test o Flaw size
3 /_distribution
; / >__/v In service
w
EIFS
distribution Lifetime

Vv

By assembl
y y By structural detail
(e.g. fastener holes)

By part (e.g. wing)
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By aircraft
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Calculated Fastener Hole Reliability of Old and New Quality 7050 Thick Plate

 Reliability measured by flight hours to achieve a 0.05-in. (inspectable) crack extension from an
undamaged hole

« Calculations based on probabilistic evaluation of fatigue crack growth and micropore population
in the original maternial

« The analysis considered spectrum fatigue loading to represent a military fighter application
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Results:

+ Structural reliability inreases with new quality material (reduccs widcspread damage risk)

«  Flight hours with 10-4 probability of finding a crack greater than 0.05-in.:
- Old quality: 3450 hours

- Newquality: 4350 hours (26% increase in time to {irst inspection)

» Probability that a crack longer than 0.05-in. would appear at 3450 flight hour inspection:
- Oldquality: 104 (one chance in ten thousand)
- New quality: 10-7 (one chance in 10 million)




Coupon Tests Microanalysis

Test coupon + fractography /—Poreslparticles
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Figure 1. Schematic representation of cumulative probability plots of fatigue lifetime for the four variants
of 7050 plate separated on the basis of fatigue initiation mechanism.




STATUS

Characterization of 7050-T7451 alloys - New and

old

Initial microstructures - averages and
distributions

v Porosities, Constituent Particles, Precipitates
Sizes, spacings, local volume fractions

v Grains, Subgrains
Sizes, shapes, recrystallization levels

v Improved Statistics
Damage Assessment

v Fractography
Facets orientation distributions, fractal dimensions, roughness
parameters

v Crack Path

Features, geometry, microcracks, dislocation structure,
transgranular vs intergranular
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Longitudinal

Surface
Quarter
Center

Transverse

AN

Short Transverse

/

Schemetic of the locations of the specimens in the plate of Al 7050 alloy.

180 pm

The grain structure of the 7050 Al plate alloy. The light grains are
recrystallized and the dark ones are unrecrystallized grains with subgrains.
The dark spots are the sites where the constituent particles.
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A collection of 201 pores in the transverse center section of the old pedigree
Al 7050 plate alloy. These pores are collected from 180 micrographs.
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The average sizes of the pores in the old pedigree 7050 Al plate alloy in
different directions and orientations. The locations of each section are
indicated by the x and y titles and the units used are in micrometers.
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The average sizes of the pores in the new pedigree 7050 Al plate alloy in
different directions and orientations. The locations of each section are
indicated by the x and y titles and the units used are in micrometers.
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Constituent Particles ir Al 7050
10 um

A collection of 236 constituent particles in the old pedigree of the 7050 Al plate alloy.

These particles are collected from 60 micrographs.
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The average sizes of the constituent particles in the old pedigree 7050 Al
plate alloy at different directions and orientations. The locations of each
section are indicated by the x and y titles and the units used are in

micrometer_s.
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The average sizes of the constituent particles in the new pedigree 7050 Al
plate alloy in different directions and orientations. The locations of each
section are indicated by the x and y titles and the units used are in
micrometers.
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a) Interior porosity of 710 pmz2.
Actual life: 80,700 cycles,
Predicted life: 80,000 cycles.

b) Corner particle of 324 ym2,
Actual life: 79,500 cycles.
Predicted life: 74,500 cycles.

Verification of Trantina-Barishpolsky Analysis

for Type of Inhomogeneity
Figure 6
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Comparison of Partical Density Functions: Dmax ( Paaricie mMaroc &xs)
(1 inch Thick 7050 Plate)
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Comparison of Partical Density Functions: Dmin ( Psaricue mivoa awis)
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Initiation Model

Inhomogeneity

R : Size
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Crack Tip Ac

P12 N Cyclic Zone

r* = f (Ao / Oyield, R, p)
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